buffer flow rate of 0.45 ml min-l. The amino acids were separated, assayed with ninhydrin and recorded automatically. Estimation and identifkation of individual amino acids was by comparison with known standards. Some secondary analysis was performed using a Locarte analyser (Locarte, London).
RESULTS
The composition of amino acid pools isolated from cultures of members of the three clusters recognized within the genus Erwinia, namely the ' amylovora', ' carotovora' and 'herbicola' groups (Lelliott, 1974) , are shown in Table 1 . With only one exception, E. stewartii, the total pool was greater under conditions of ammonia-excess (glucose-limited) than under those of ammonia-limitation (glucose-excess), although considerable variations were apparent in the magnitude of the difference in pool sizes for individual species and also in the total pool content of different species grown under the same conditions.
Within the ' amylovora' cluster, which is heterogeneous with respect to ammoniaassimilating enzymes (Pulman & Johnson, 1978) , the ammonia-limited pools were very low and similar in all strains examined. The predominant components were glutamate and alanine, whilst the non-separated group of glutamine/serine/threonine was also conspicuous (Table 1) . Interestingly, the concentration of arginine was high in those organisms possessing GOGAT (E. quercina, E. rubrifaciens, E. salicis) whilst in E. amylovora, which shows only GS activity, it was low. Upon transfer to glucose-limited conditions, there was a 10-fold increase in the total pool of E. amylovora, glutamate, aspartate, alanine, lysine, glycine and ornithine being largely responsible for the rise. Although pool increases in E. quercina, E. rubrifaciens and E. salicis were much lower, the same components were conspicuous. The relatively high concentrations of arginine observed in the latter organisms under ammonia-limited conditions were substantially decreased under conditions of glucose limitation.
Total pools from ammonia-limited cultures of members of the ' carotovora' cluster, also heterogeneous with respect to ammonia-assimilating enzymes (Pulman & Johnson, 1978) , were low and similar to those observed in members of the 'amylovora' cluster (Table 1) . Once again, glutamate and alanine were predominant components, whilst E. carotovora var. carotovora and E. chrysanthemi (GOGAT-positive) showed high arginine concentrations but in E. cypripedii and E. rhapontici (GOGAT-negative), the arginine concentrations were low. Transfer of E. carotovora var. carotovora, E. cypripedii and E. rhapontici from ammonia-to glucose-limited conditions resulted in pools which were approximately doubled, the increase being largely accounted for by glutamate, aspartate, alanine, lysine and glycine. In E. chrysanthemi, however, transfer to glucose-limited conditions resulted in a 12-fold increase in pool size, which was almost totally accounted for by glutamate, although a proportional increase was observed in aspartate. The high concentrations of arginine observed in ammonia-limited GOGAT-positive strains were decreased under conditions of glucose-limitation.
Within the 'herbicola' cluster, the examined members of which exhibit only GS activity (Pulman & Johnson, 1978) , total pools extracted from ammonia-limited cultures were again low (Table 1) and consistent with those found in the 'amylovora' and 'carotovora' clusters. Similarly, glutamate and alanine were major components, although E. herbicola var. herbicola, E. stewartii and E. uredovora also showed high concentrations of valine. The content of arginine was low in all strains, this being consistent with the absence of GOGAT activity. Transfer from conditions of ammonia-limitation to those of glucose-limitation caused an approximately fivefold increase in the pools of E. herbicola var. herbicola, E. herbicola var. ananas and E. uredovora with typical increases in glutamate, aspartate, alanine and glycine. In contrast, the total amino acid pool of E. stewartii altered little in response to transfer from ammonia-to glucose-limited conditions. However, both glutamate and aspartate showed increased concentrations, which were offset by decreases in the concentrations of alanine and valine. 
DISCUSSION
The present study has demonstrated that members of the genus Erwinia contain total free amino acid pools typical of Gram-negative bacteria, in that they are small by comparison with Gram-positive organisms (Tempest et al., 1970) . The compositions of pools from Erwinia species are similar to those reported for other Gram-negative bacteria, in that although up to 16 amino acids were usually detectable, the major components were normally glutamate, alanine, aspartate and glycine. Proline was not detected in any of the cultures examined.
The total pools extracted from ammonia-limited cultures of Erwinia species were substantially lower than those reported for other Gram-negative bacteria grown under similar conditions (Tempest et al., 1970) , although this can probably be ascribed to the lower growth rate employed in the present study. The increase in pool size observed upon transfer of Erwinia species from codditions of ammonia-limitation to those of ammonia-excess (glucose-limitation) agrees well with the suggestion of Brown & Stanley (1972) that pools extracted from ammonia-limited bacterial cultures represent the minimum required for growth under the imposed conditions. Although, upon transfer to ammonia-excess conditions, a general increase was observed in most of the pool amino acids, consistently large rises were seen in glutamate, aspartate, glycine and lysine with occasional increases in ornithine. It is possible that such concomitant rises in acidic and basic components might represent an attempt by the cell to maintain electroneutrality. By comparison with other members of the genus examined, E. amylovora and E. chrysantherni showed particularly large pool increases in response to increased medium ammonia concentration, the reasons for which are not clear.
There was little relationship between the amino acid pools extractable from Erwinia species and the three clusters of the genus recognized by Lelliott (1974) or the ammoniaassimilating enzyme groups defined by Pulman & Johnson (1978) , thereby confirming the rather heterogeneous nature of the genus. In all organisms examined, regardless of their complement of GS/GOGAT/GDH, the predominant pool amino acids of ammonia-limited cultures were similar (principally alanine and glutamate), thus shedding little light on the mechanism whereby those organisms showing only GS activity are able to assimilate ammonia into metabolism. Two features are worthy of further comment. First, the glutamine-containing peak in those organisms showing only GS activity was generally much lower than that seen in other organisms; this might imply that in the former group glutamine still represents an intermediate in ammonia assimilation but that it is utilized in some subsequent transfer reaction much more efficiently than in the latter group. Alternatively, an as yet undetected glutamine-independent pathway of ammonia assimilation may operate, in which case GS would fulfil only the role of providing glutamine for the biosynthesis of other biomolecules. Second, all organisms showing GS/GOGAT activity, when grown under conditions of ammonia-limitation, showed a high pool concentration of arginine (although this was much lower under conditions of glucose-limitation). The reasons for this behaviour, which appeared to characterize the presence of GOGAT, are not clear.
This study has confirmed the complexity of the genus Erwinia with respect to ammonia assimilation (see Pulman & Johnson, 1978) , and emphasizes the need for further study of the process in this economically important genus.
We would like to thank Professor D. C . Ellwood, Mr J. R. H. Slade and Mr H. K. Robinson for assistance with amino acid analyses and for helpful discussion. One of us (D. P.) is grateful to the Science Research Council for the award of a postgraduate research studentship.
